Recently, in the Einstein gravity, Majhi and Padmanabhan proposed a straightforward and transparent way of obtaining the Bekenstein-Hawking entropy by using an approach based on the Virasoro algebra and central charge. In this work, we generalize their approach to the modified gravity with higher-curvature corrections and show that their approach can successfully lead to the corresponding Wald entropy in the higher-curvature gravity. Our result shows that the approach is physically general.
II. GENERAL FORMULAS OF NOETHER CURRENT FROM THE SURFACE TERM
In this section, let us briefly review the general formulas of Noether current constructed from the surface term of gravitational action [11] [12] [13] . Let us consider a general surface term as
where N a is the unit normal vector of the boundary ∂M, g ab denotes the bulk metric and γ ab denotes the induced boundary metric. The Noether current we will study corresponds to diffeomorphism transformation. For convenience, we define A a ≡ 1 8πG L B N a , so the n-dimensional Lagrangian density is √ gL = √ g∇ a A a . Under a general diffeomorphism x a → x a + ξ a , the Lagrangian density √ gL changes by
In deriving the above equation, we have used the formulas £ ξ ( √ g) = √ g∇ a ξ a and £ ξ (L) = ξ a ∇ a L.
On the other hand, we also have
where we have used the formula ∇ a A a = 1 √ g ∂ a √ gA a .
Equating Eqs. (2) and (3), we get the conserved Noether current
Substituting L = ∇ a A a into the above equation, the Noether current can be rewritten as
Usually, J ab is called the Noether potential. With the explicit expression A a = 1 8πG L B N a , we get the final form of the Noether current constructed from the surface term
The corresponding charge is defined as
where
is the surface element of the (n − 2)-dimensional surface Σ, and h is the determinant of the corresponding induced metric. N a and M a are chosen to be spacelike and timelike, respectively. In our discussion, Σ will be near the horizon H.
Following Ref. [11] , we define a Lie bracket for the charges
which will lead to the usual Virasoro algebra with central extension. As we will see soon, with the deduced central charge and the Cardy formula, the entropy of black holes can be derived.
III. ENTROPY OF BLACK HOLES FROM THE CARDY FORMULA
To derive the Noether charge and Virasoro algebra, we first need to identify appropriate diffeomorphisms, the related vector fields ξ a . In Ref. [12] , the authors did this in the explicit Rindler metric. Here, we give a more abstract derivation of the vector fields ξ a .
To be transparent, we only consider static spherical black holes with the general form of the metric
where Ω ij (x) is the (n − 2)-dimensional space and h ij = r 2 Ω ij . The horizon is located at r = r h , satisfying f (r h ) = 0. The two normal vector fields N a , M a are
To study the near-horizon structure, it is convenient to define r ≡ ρ + r h , and in the near-horizon limit, ρ → 0. The metric then becomes
The function f (ρ + r h ) in the near-horizon limit can be expanded as
2 . Then it is easy to see that the t − ρ part of the above metric becomes Rindler in the near-horizon limit, ds 2 t−ρ = −2κρdt 2 + 1 2κρ dρ 2 , if we only keep the first-order term of the expansion of f (ρ + r h ). In Ref. [12] , the authors started from a Rindler metric. Here, we keep the full metric in the process of derivation and only do the near-horizon limit in the end. Introducing Bondi-like coordinates by the transformation [12] 
the metric is transformed to
To obtain the Noether current, we choose the vector fields ξ a which can leave the horizon structure
Solving the above equations, we obtain
while the other components vanish. It is easy to check that £ ξ g uu = O(ρ), so that the condition
is satisfied near the horizon. This shows that the derived vector fields are indeed what we want. Returning to the original coordinates (t, ρ), these vector fields become
For a given T , from Eqs. (16) and (7), we have expressions of the corresponding vector field ξ a and the charge Q, respectively.
Expanding T in terms of the basis functions
and substituting it into Eqs. (16) and (7), we get corresponding expansions for ξ a and Q in the forms of Eqs. (16) and (7), where T is replaced by T m . T m is chosen to be the basis that yields the resulting ξ a m , obeying the algebra isomorphic to Diff S 1 :
with {, } being the Lie bracket. A standard choice is [15] 
where p is an integer and g(ρ) as a function that is regular at the horizon. The value α is a parameter which needs to be chosen according to the surface gravity in Refs. [11, 15] , but it is arbitrary in the present approach and will not affect the final results. 
with K = −∇ a N a being the trace of the extrinsic curvature of the boundary ∂M. Considering
and Ω ij dx i dx j = dΩ 2 2 for the Schwarzschild black hole, we have the horizon H at r h = 2M , and the new form of the metric becomes
where ρ = 0 represents the horizon. In Bondi-like coordinates defined by the transformation [Eq. (12)], we have
and the metric becomes
In the coordinates (t, ρ), ξ a are chosen to be
Now we are ready to derive the Noether current, and then the Virasoro algebra. For the Schwarzschild black hole metric, we have
The charge at the near-horizon limit ρ → 0 is
is the surface gravity of the black hole. For T = T m , T n , the commutator [Eq. (8) ] can be directly calculated, and the result in the near-horizon limit ρ → 0 is
In doing these calculations, we actually do not need the explicit form of f (r). From Eqs. (26) and (27), we can see that f (ρ + r h ) only affects the surface gravity κ; the second-and higher-order terms in the expansion of f (ρ + r h ) give no contributions to the final results. So if we start from the Rindler approximation of the full metric, we can still get the same result. We will show that this is also true for the Gauss-Bonnet and third-order Lovelock cases discussed in the next two subsections. The extension to cases with a cosmological constant and charges is straightforward.
The charge and Virasoro algebra will take the same forms as Eqs. (26) and (27), only with a different surface gravity.
By substituting Eq. (19) into Eqs. (26) and (27) and finishing the integration over a cross-section area A, we arrive at the final explicit expressions:
Then we can obtain the central term in the algebra,
From the central term, we can read off the central charge C and the zero mode Q 0 as
Using the Cardy formula [5] [6] [7] , we finally obtain the entropy
which is exactly the Bekenstein-Hawking entropy, as expected. If we include a cosmological constant or charge, the entropy formula will remain the same.
B. Entropy of a Gauss-Bonnet black hole
Now we extend the approach to derive the entropy of a Gauss-Bonnet black hole. The surface term of the gravitation action now takes the form [20] [21]
where α 2 is the coefficient of the Gauss-Bonnet term,Ĝ
ab denotes the (n − 1)-dimensional Einstein tensor of the induced metric γ ab , and J is the trace of the following tensor
A family of general static spherical Gauss-Bonnet black hole solutions [22] [23] takes the same form as Eq. (9), but with
The term Ω ij denotes the metric of an (n−2)-dimensional hypersurface with the constant curvature scalar (n−2)(n−3)k, (k = 0, ±1), and µ and Λ relate to the gravitational mass and the cosmological constant, respectively. Without loss of generality, we will focus on the case with n = 5.
Now we proceed to calculate the charge and Virasoro algebra for Gauss-Bonnet black holes with different topologies. In the near-horizon limit, the charge and Virasoro algebra can be written in a unified form:
where the surface gravity κ =
2 . During our calculations, we keep all expansion terms in the metric function and take the near-horizon limit at the end. Comparing this with the Einstein case [Eq. (27) ], we see that an additional factor 1 + Choosing T m as Eq. (19) and substituting it into the above equations, we get
The central term reads
from which we can read off the central charge C and zero mode Q 0 as
Using the Cardy formula, we obtain the entropy
which is exactly the Wald entropy of the Gauss-Bonnet black holes [16] [17] [18] [19] 24] . For the flat case with k = 0, the entropy in Eq. (40) reduces to the Bekenstein-Hawking entropy as expected, because at this time Ω ij dx i dx j is flat and will not cause corrections to the Bekenstein-Hawking entropy. This result coincides with the discovery in Ref. [24] from the Wald entropy formula or thermodynamics approach.
C. Entropy of a third-order Lovelock black hole
Let us go further to see if this approach can produce the correct entropy for a more general gravitational theory, the third-order Lovelock gravity. The boundary term now reads as [25] 
Here,R abcd is the intrinsic Riemannian tensor constructed from the boundary metric γ ab .Ĝ (2) ab is the second-order Lovelock tensor of γ ab ; that is,
with L 2 being the Gauss-Bonnet term L 2 =R abcdR abcd − 4R abR ab +R 2 . P is the trace of the following tensor:
Without loss of generality, we will concentrate on the seven-dimensional static, spherical black hole solutions of the third-order Lovelock gravity. General black hole solutions in third-order Lovelock gravity with arbitrary coefficients α 2 and α 3 are rather complicated to obtain. In Refs. [26, 27] , it was found that an explicit solution of a black hole exists when the two coefficients satisfy 
IV. SUMMARY
In this paper, we have generalized the method proposed in Refs. [12, 13] to derive the entropy of black holes in Gauss-Bonnet and third-order Lovelock gravity. We have shown that in addition to reproducing the correct Bekenstein-Hawking entropy in the Einstein gravity, the method can produce the Wald entropy in the general theories of gravity with higher-curvature corrections. This shows that the approach based on the Virasoro algebra and central charge from the surface term of gravitational action is general, which can provide deeper insight into the nature of the entropy.
In our calculation we noticed that the expressions of Noether charge and Virasoro algebra only depend on the form of the metric [Eq. (9)], and do not heavily depend on the explicit expression in the metric function. This tells us that the method to derive the entropy can even work for more complicated expressions in the metric form of Eq. (9) . It is interesting to ask whether the method is still effective for rotating black holes. More investigation in this direction is called for, as it can
show us the universality of the method.
